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ABSTRACT 

Indoxyl-B-D-glucuronide (IBDG) was evaluated as a 
chromogenic reagent for the specific enumeration of £.. coli 
in water, sewage and an industrial waste. In an initial 
study, raw sewage was analysed. A total of 45 blue (target) 
colonies incubated at 35°C, and 44 blue colonies incubated at 
45°C, on lauryl tryptose - IBDG medium, were examined. 
Seventy-eight percent of the 35°C isolates confirmed as total 
coliforms and ninety-one percent of the 45°C isolates 
confirmed as fecal coliforms. 

In a second study, ninety-three percent of the target 
colonies (total of 80) recovered on IBDG media and isolated 
from water, sewage and an industrial waste were identified as 

Escher ichia coli . These results indicate that the probability 

a blue colony will be correctly identified as £. col 1 
(predictive positive), at the 95% confidence level, is 

between 0.89 and 0.99. The colourless (38 non-target) 

colonies were identified as organisms other than E. col i with 

a 100% accuracy. 

IBDG formulated with EC medium produced a more intense 

and well defined, coloured £. coll colony compared to a 

lauryl tryptose - IBDG formulation. 
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1. INTRODUCTION 

The test for fecal pollution is readily accomplished by 
methods which detect and enumerate " indicator bacteria ", 
organisms which are associated with human or animal fecal 
wastes. Historically, fecal coliforms have been the surrogate 
indicator of fecal contamination. Currently, more attention 
has been given to developing test methods for the specific 
enumeration of Escherichia coll . the predominant fecal 
coliform present in human and animal feces (Dufour 1977). 

A selective method for the enumeration of Ej. coll has 
been proposed by Dufour (1979, 1981), with the use of the 
indicator indoxyl-B-D-glucos ide (IG) and m-TEC medium. 
In this test, members of the Enterobacter iaceae such as 
Citrobacter. Enterobacter and Klebsiella , can synthesize 
B-glucosidase, the enzyme that carries out the hydrolysis 
of IG. In contrast, the gene for B-glucosidase is not present 
in £. coU. 

The m-TEC-IG procedure has been evaluated recently, 
under field conditions, by Seyfreid and Harris (1987). The 
authors reported that under dry weather sampling conditions 



. . 2 



I 



- 2 - 



m-TEC-IG performance character it ics were acceptable. During 
wet weather conditions, however, the false positive error 
reached the limit of acceptability. They concluded that 
overall m-TEC-IG " was acceptable under both dry and wet 
weather survey conditions in surface waters impacted by a 
variety of sources." 

An alternative procedure which has been examined for the 
rapid identification of £_,. coll is the use of chromogenic and 
fluorogenic B-D-glucuronidase substrates (Kilian and Bulow 
1979, Feng and Hartman 1982). Most strains of E^. coli 
can produce B-glucuronidase, whereas this enzyme is absent in 
Klebsiella. Citrobacter and Enterobacter strains. 

In a preliminary publication, Ley, Bowers and Wolfe 
(1988), have described the use of indoxyl-B-D-glucuronide 
(IBDG) as a reagent for the specific detection and 
enumeration of £. coll in environmental samples. In their 
study, however, the effects of IBDG concentration, medium 
composition and sample type on the recovery of S.. coli were 
not reported. 
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2. STUDY OBJECTIVES 

The first objective of this study was to determine 
(a) the recovery of coll forms and fecal collforms on I8DG 
media and (b) performance characteristics of IBDG media for 
the enumeration £_,. col 1 in water, sewage and Industrial 
wastes. A second objective was to propose an IBDG medium for 
an inter laboratory evaluation. The major components of this 
investigation were as follows: 

1) determine the percentage of blue (target) and colourless 
(non-target) colonies recovered on IBDG medium that 
confirmed as collforms and fecal collforms; 

2) isolate and identify blue and colourless colonies 
recovered on IBDG media to the level of genus and species; 

3) determine the performance characteristics (sensitivity, 
specificity, predictive positive and predictive negative 
reactions) of IBDG media for the recovery of target (£. 

coll ) and non-target bacteria from water, sewage and 
industrial wastes; 

4) compare £. coll colony colour on IBDG media using (a) 
lauryl tryptose broth and (b) EC broth as basal growth 
media; 
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3. METHODS 

3.1 Collection of samples 

Raw and final effluent sewage samples were obtained from 
seventeen Water Pollution Control Plants located in 
southeastern Ontario. The samples were submitted to the MOE 
Kingston Regional Laboratory as routine submissions for 
chemical analysis. The samples are identified by location, 
laboratory number, chemical analysis results, and are listed 
In the Appendix Table A-l. 

Raw water samples were taken from Lake Ontario, at the 
intake supply for the city of Kingston. The samples analysed 
were replicates of samples that were submitted to the 
Kingston MOE laboratory or were collected directly at the 
city of Kingston's Water Purification Plant. 

A paper mill, log-wash waste was collected from one 
location. Pulp and paper mill wastes present a unique and 
difficult problem in terms of analysing for £_,_ col 1 . 
Generally, Klebsiella species are the predominant pollution 
indicator bacteria found in these types of wastes. Current 
methods for the enumeration of £. cojt j, In such samples 
require additional test procedures for an accurate analysis. 
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3.2 Media 

The performance characteristics of IBDG media were 
evaluated by the membrane filtration (MF) procedure using two 
media formulations, designated LI and ECI agar. The 
formulations for LI and ECI agar media are listed in 
Appendix B. 

3.3 Colony Isolation, confirmation and speciation 

Twenty-four sewage samples, consisting of Influent and 
final sewage effluents (Table A-l, Appendix A), were analysed 
by the membrane filter procedure using LI agar medium. 
Two to four representative blue and colourless colonies were 
picked from membrane filters for each sample and 3treaked to 
purity on MacConkey agar. 

Colonies were confirmed as coliform3 and fecal coliforms 
as follows: pure colonies were inoculated into lauryl 
tryptose broth (LTB) and brilliant green bile broth (BGBB) 
and incubated at 35°C. Colonies confirmed as coliforms if 
they were positive for gas formation in both LTB and BGBB 
after 24 or 48 h of Incubation. Similarly, isolates were 
confirmed a3 fecal coliforms if they were positive for gas 
formation in EC broth after incubation at 45°C for 24 or 
48 h (the confirmation scheme is shown In Figure C-l, 
Appendix C) . 

... 6 
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A total of 118 bacterial Isolates were picked from 
membrane filters Incubated on LI or ECI agar, and subcultured 
to MacConkey agar for identification and confirmation of 
colony purity. Pure colonies were transfered to LI and ECI 
agar plates to confirm the presence (blue colony) or absence 
(colourless colony) of glucuronidase activity. 

Before identification, all pure isolates were 
subcultured on tryptlc soy agar for the determination of 
cytochrome oxidase activity (API Oxidase Test Kit for Gram- 
Negative Bacteria). All pure isolates that were cytochrome 
oxidase negative were identified to the level of genus and 
species using the API 20E biochemical test 3trip for the 
identification of Enter obacter iaceae . Fifty-seven percent of 
the isolates (68) were tested for their Gram reaction (Difco 
Gram Stain Set) and all were Gram negative. The Isolation 
and identification schemes used for all isolates are outlined 
in Appendix C. 
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4. RESULTS 

4.1 Confirmation of blue and colourless colonies as total and 
fecal collforms 

Table 1 shows that 78 - 85 % of the blue colonies 
examined were confirmed as total coliforms while 91 - 100 % 
were confirmed as fecal collforms. Colourless colonies on the 
other hand, demonstrated considerably more variation for the 
confirmation of total coliforms (15-38 %) and fecal coliforms 
(80-100 %) . 

4.2 Identification of target and non-target colonies 
recovered on IBDG media 

Table 2 summarizes the results of identifying 118 pure 
isolates recovered on LI and ECI media from samples of raw 
water, sewage and paper mill log-wash water. Eighty target 
(blue) and 38 non-target (colourless) colonies were 
identified. Ninety-four per cent of the target colonies (75) 
were identified as Escher ichia col i . The remaining six per 
cent of blue colonies (5) were all identified as Cltrybacter 
f reundi, 1 . The predominant members for the colourless isolates 
were Klebsiella (39%), Cltrobacter (13%), and oxidase 
positive, Gram negative organisms (34%). 



Table 1. Confirmation of blue and colourless colonies 
recovered from LI medium* 



No. of 
Colony Growth colonies 
Sample colour at °C tested 



No. of 
colonies 
gas + at : 
35°C 45°C 



Col i form 
Conf irmat ion**: 
Total Fecal 
(%) (%) 



S e wa g e 


Blue 


35 


influent 




45 




Colour- 


35 




less 


45 


Sewage 


Blue 


35 


ef f luent 




45 




Colour- 


35 


. 


less 


45 



45 
44 

40 
40 



13 
13 

8 
8 



35 



11 



40 



32 



13 



77.7 



15.0 



84.6 



37.5 



90.9 



80.0 



100.0 



87.5 



- LI medium contained 0.8 g/1 IBDG. 

to Blue and colourless colonies which produced gas within 48 h 
in both lauryl tryptose broth and brilliant green bile broth 
at 35 °C confirmed as total coliform bacteria; gas production 
in EC broth within 48 h at 45 °C was confirmatory for fecal 
col i forms . 
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Table 2. Identification of target and non-target colonies 
recovered on IBDG media 



Total- 
£. Cojl 

Citrobacter freundil 
Klebsiella pneumoniae 
Klebsiella oxvtoca 
Enterobacter cloacae 
SercatU sp. 

Pasteurella sj^ 
Aeromonas hvdroohila 
Unidentified 1 * 



Target 


Non- 


■target 


No. 




(\) 


No. 


[%J 


80 




( 100) 


38 


(100) 


75 


(93.8) 





(0.0) 


5 


( 


6.2) 


5 


(13.2) 





( 


0.0) 


13 


(34.2) 





; 


0.0) 


2 


( 5.3) 





( 


0.0) 


3 


( 7.9) 





( 


0.0) 


1 


( 2.6) 


Q 


( 


0.0) 


1 


( 2.6) 





f 


0.0) 


3 


( 7.9) 





( 


0.0) 


10 


(26.3) 



Total number of target (blue) and non-target (colourless) 
colonies isolated from LI or ECI media containing IBDG (0.8 
or 0.3 g/1) after incubation at 35 "C or 45 °C. 

m 

Unidentified, cytochrome oxidase positive, Gram negative 
bacteria . 
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The identification of pure isolates recovered from each 
type of sample is presented in Table 3. Three blue colonies, 
isolated from Russell sewage samples, were identified as 
Citrobacter f reundi i . One blue colony, identified as £. 
f reund i i was recovered from samples of St. Isidore raw sewage 
and a paper mill log wash water. Of the 16 different sewage 
locations sampled, Russell and St. Isidore were unique in 
having their water supplies from individual wells and sewage 
treatment as seasonal discharge lagoons. All (73) blue 
colonies isolated from sewage from locations having primary 
or secondary treatment plants and having communal water 
supplies, were identified as £.. coll . 

4.3 Performance characteristics of IBDG media 

The performance characteristics of the IBDG media 
studied are described in terms of the model used for 
assessing clinical diagnostic tests (Dlerksheide 1987). This 
model is outlined in Table 4. Where a true positive result in 
the clinical model is a disease condition, the true positive 
result of the IBDG test is the identification of the colony 
as £.. col 1 . Similarly, a true negative result for the 
clinical model is the absence of disease and a true negative 
result for the IBDG test is a colony that is not £. col 1 . 
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Table 3. Identification of target and non-target colonies 

recovered on IBDG media* from raw water, sewage and 
log wash water 



Sample 


Colony 

Type 


No. 


B 


,co' 


Co 

Li 


lonies iden 
Klebsiella 


tif ie 
spp. 


d as : 

C. freundii 


Raw water 


Target 
Non-target 


2 






2 



















Sewage 
(Russell ) 


Target 
Non-target 


42 

12° 




39 









3 






3 



Sewage* 3 


Target 
Non-target 


26 
16* 




25 








2 






1 
5 


Log wash 


Target 
Non-target 

Total 


10 
10 

118 




9 

o 

75 







10 

18 






1 


10 



■ The concentrations of IBDG used and incubation conditions 
are reported in the legend for Table 2. 

b Also identified in the 12 non-target colonies were 1 
Enterobacter cloacae , 7 oxidase positive organisms and 1 
unidentified Gram negative rod. 

" Not Including Russell samples. 

** Also identified In the 16 non-target colonies were 3 
Enterobacter cloacae. 6 oxidase positve organisms and 2 
unidentified Gram negative rods. 
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Table 4. Predictive value model showing the relationship 

between bacterial confirmation as Escher ichia col 1 
and colony colour on LI or ECI media 



Bacterial Category of 
confirmation positive result 
(Blue colony) 



Category of 
negative result 
(Colourless colony) 



Total 



E_^ cqU TP 

Other FP 

Total TP + FP 



FN TP ♦ FN 

TN FP + TN 

FN + TN TP + FN + FP + TN 



TP = true positive; TN = true negative 
FP = false positive; FN ■ false negative 

Sensitivity is the percentage of positive results for the 
target population : 



TP 



X 100 



TP + FN 



Specificity is the percentage of positive results for the 
non-target population : 



TN 



X 100 



FP + TN 



The predictive positive value is the percentage of true total 
positive results : 



TP 



TP ♦ FP 



X 100 



The predictive negative value Is the percentage of true 
negative results : 

TN 
X 100 



TN + FN 
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Table 5. Sensitivity, specificity and predictive 

indices of IBDG media for the enumeration 
of Escherichia coli 



Bacterial No. with No. with 

confirmation positive result negative result 



Total 



L. coll 

Other 

Total 



7 5 (TP) 
5 (FP) 
80 (TP + FP) 



(FN) 

3 8 ( TN ) 



75 (TP + FN) 
4 3 (FP + TN) 



38 (FN + TN) 118 (TP + FN, 

FP +TN) 



Sens it i vity 



Specificity 



TP 



75 



X 100 = 100% 



Predicitive positive ■ 



Predictive negative 



TP + FN 

TN 
FP + TN 

TP 
TP + FP 

TN 



75 + 
38 



X 100 = 88.4% 



5+38 
75 



X 100 = 93.4% 



75 + 5 
38 



X 100 = 100% 



TN + FN 38+0 



.14 
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The performance indices for IBDG media (LI and ECI agar} are 
summarized in Table 5. The IBDG test on 118 isolates 
exhibited sensitivity and predictive negative indices of 
100%. The identification of five blue colonies as Citrobacter 
f reundi i reduced the specificty and predictive positive 
indicies to 88% and 93%, respectively. 

4.4 Confidence Limits of the IBDG Test Results 

A relatively small number of colonies have been 
identified in this study, 80 blue and 38 colourless isolates. 
An important question, therefore, is what are the confidence 
limits for the probability that blue colonies are correctly 
identified as E . col i (i.e. a predictive positive result)? 
And conversely, what are the confidence limits for the 
probability that colourless colonies are correctly identified 
as isolates other than £.. col i (I.e. a predictive negative 
result)? Referring to the predictive model outlined In Table 
4 and the results listed in Table 1 we can calculate 
confidence limits as follows: 

Let p = unknown probability that the test identifies a 
blue colony as £. col i . 
Let "£ ■ estimate of p, 1 p < 1. 

The results from Table 2 show that from a total of 80 blue 
colonies that were examined, 75 were identified as £.. col i 
and 5 were identifed as Citrobacter f reundi i . 

... 15 
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Thus C = 75 / 80 

= 0.938, n = 80 (sample size of blue colonies) 
The 95 % confidence interval is, 



£ ♦ (1.96) 



1/n (£)(!-£) 



= 0.938 + .053 
Thus from the results obtained, the probability that a blue 
colony will be correctly identified as £.. coll. (predictive 
positive), at the 95% confidence level, is between 0.885 and 
0.991. For the 38 colourless colonies examined, none were 
identified as £. coli . Thus a colourless colony will be 
identified as a bacterium other than £• coll with a 
predictive negative accuracy of 100 %. If the probability 9 
for Identifying £• col 1 remains constant and the number of 
blue colonies that are identified increases then the 
confidence limits will become narrower. For example, the 
number of blue colonies that should be identified to give 
a 95% confidence interval (.90,. 97) can be calculated as 
shown below: 
Let d = 1/2 length of the 95% confidence interval (d = .038). 



Thus 1.96 1/n %(!-%) <. d 



n > (1.96) a p(l-p)/d : 



16 
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For p = 0.938 and limit3 between 90% and 97%, d = 0.038. 
Thus n >_ (1.96) 2 ( .938) (1-.938) / (.038)* 

n >. 160. 
At least 161 blue colonies should be examined to have a 
95% confidence interval for p between 0.90 and 0.97, provided 
that the predictive positive index remains constant at .938. 
However, if more tests are conducted and the predictive 
positive index changes then a new sample size n will be 
required for a 95% confidence interval. 

4.5 Effect of medium composition on £. coll colony colour 
reaction 
Lauryl tryptose and EC broth were evaluated as basal 
media for the IBDG test in this investigation. A striking 
difference in £. coll colony colour was observed on the agar 
surface of the two media. On lauryl tryptose IBDG agar (LI 
medium), there was considerable diffusion of the blue dye 
around the colony. On EC medium, however, a dark, 
red-blue colour remained localized within the colony. 
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5. DISCUSSION 

Because the predominant coliform found in feces is 
£. coli . one would expect that target blue colonies recovered 
from sewage should confirm as total and fecal coliforms. The 
data presented In this report demonstrate that 80 to 100% of 
the target blue colonies recovered on LI and ECI media 
confirmed as total and fecal coliforms. The non-target, 
colourless colonies, in contrast, had a low percent 
confirmation for total coliforms (15-38%) and a high level 
(80-100%) for fecal coliforms. The high recovery of 
colourless colonies as fecal coliforms was not unexpected, 
and further identification showed that these bacteria were 
thermotolerant Klebsiella , Citrobacter and Enterobacter 
species . 

The recovery of five blue isolates as Citrobacter 
f reundi 1 was unexpected. Three of the isolates were from the 
sewage of Russell and one was from St. Isidore. These 
locations had Individual water wells for their water supply 
and gravity flow sewage collector systems. The recovery of 
glucuronidase positive Citrobacter f reundi 1 from these 
samples suggests that gene exchange between g.. coll and a 
common soil bacterium has occurred. 
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A glucuronidase positive Citr obacter £ r e u n d j. i was 
isolated from a log-wash waste. The recovery of this organism 
also suggests that the prolonged contact of sewage, and hence 
E. coll. with bacteria present in organic industrial wastes 
can promote gene transfer between these bacteria. These 
observations emphasize that a detailed history of a sample is 
necessary for an accurate and reliable interpretation of 
bacterial B-glucuronidase activity. 

IBDG media have exhibited excellent performance 
characteristics for the majority of sewage samples tested. 
However, a diagnostic test will not work well in all 
situations, and the value of a test must be considered in the 
context in which it Is used (Dierksheide 1987). 

A pronounced difference in the extent of diffussion of 
the blue colour from £ coli colonies was seen for the two 
basal media studied. One major difference in the two media is 
the type of detergent present. Sodium lauryl sulfate 
(0.1 g/1) Is the detergent present in lauryl tryptose medium 
and bile salts #3 (1.5 g/1) is present in EC broth. A more 
intense, localized colony colour is observed on ECI compared 
to LI medium. 
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6. CONCLUSIONS 

In this study, indoxyl-B-D-glucuronide (IBDG) medium, 
formulated using EC broth, 1.5% agar and 0.8 g/1 IBDG, 
demonstrated excellent performance characteristics for the 
enumeration of £. col i in water, sewage and an industrial 
waste. Additional, more extensive testing of this medium 
should be done on a wide variety of samples. The recovery of 
£■ col i on ECI medium should be compared to the recovery of 
total and fecal collforms on standard membrane filter media. 
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8. APPENDIX 

8.1 APPENDIX A - 1 

TABLE A-l. Location, type and selected properties of sewage 
used for the evaluation of IBDG 











Sewage 














Type 




Parameter" 




Lab * 


Location 






BOD 


SS 


TKN 


TP 






( ma 


/ 1 




K47-19 


ALEXANDRIA 




RAW 


34 


28 


14.8 


2.4 


K49-13 


ALMONTE 




RAW 


80 


117 


21.9 


5.0 


K49-1 


BATH 




FINAL 


4.0 


6.0 


1.3 


1.3 


K49-2 


BATH 




RAW 


>300 


158 


43.6 


7.9 


K49-40 


BELLEVILLE 




RAW 


70 


101 


22 


3.2 


K49-11 


CARLETON PLACE 


RAW 


30 


104 


18.8 


2.3 


K49-12 


CARLETON PLACE 


FINAL 


14 


39 


5.3 


0.9 


K49-34 


CASSELMAN 




RAW 


64 


43 


23.5 


2.8 


K49-3 


ERNESTOWN 


'AMHERSTVIEW) 


RAW 


106 


133 


37.3 


6.4 


K49-4 


ERNESTOWN 


AMHERSTVIEW) 


FINAL 


46 


49 


6.4 


3.4 


K49-5 


ERNESTTOWN 


(ODESSA) 


RAW 


30 


86 


18.2 


1.9 


K49-7 


ERNESTOWN 


(ODESSA) 


FINAL 


<4 


13 


1.4 


0.5 


K49-21 


IROQUOIS 




RAW 


26 


105 


31.5 


1.5 


K49-8 


KEMPTVILLE 




RAW 


33 


65 


26.4 


3.0 


K49-9 


KEMPTVILLE 




FINAL 


12 


18 


9.9 


1.0 


K49-14 


KINGSTON TOWNSHIP 


RAW 


255 


326 


45.4 


12.7 


K49-15 


KINGSTON TOWNSHIP 


FINAL 


9.8 


4.0 


1.7 


0.5 


K47-25 


L'ORIGNAL 




RAW 


56 


52 


34.6 


4.1 


K49-35 


RENFREW 




RAW 


60 


145 


20.3 


3.3 


K49-36 


RENFREW 




FINAL 


16 


15 


17.2 


0. 4 


K49-37 


RUSSELL 




RAW 


32 


52 


34 


4.8 


K49-38 


ST. ISIDORE 




RAW 


130 


226 


32 


10.9 


K49-17 


WELLINGTON 




RAW 


45 


82 


19.6 


3.2 


K49-19 


WELLINGTON 




FINAL 


2.0 


3.6 


1.8 


0.3 



•BOD = Biological oxygen demand 
SS = Suspended solids 
TKN = Total Kjeldahl Nitrogen 
TP = Total phosphorus 
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8 . 2 APPENDIX B - 1 

LI Agar : Lauryl tryptose (sulfate) - IBDG Agar 

Lauryl tryptose broth (LTB), also designated lauryl 
sulfate broth (Mallmann and Darby 1941), is a medium used for 
the presumptive detection and confirmation of coliform 
bacteria in water, wastewater and food (APHA, Standard 
Methods 16th Edition, 1985). The lauryl tryptose broth -IBDG 
agar, designated LI agar, is formulated for the quantltlve 
recovery of Escher ichia coli from water, sewage and 
industrial wastes using the membrane filtration procedure. 
In this study, LTB broth was supplemented with agar (15 g/1) 
and IBDG at a concentration (g/1) of 0.8 or 0.3, unless 
indicated differently. IBDG at a concentration of 0.8 g/1 
produced distinct blue colonies. 

LTB broth medium has been accepted by the Association of 
Official Analytical Chemists (AOAC), as a basal medium for 
the B-glucuronldase substrate, MUG ( 4-methylumbell i feryl-B-D- 
glucuronide. £, colt B-glucuronidase reacts with MUG to 
release 4-methylumbell i ferone, which fluoresces when exposed 
to long-wave UV (3S6nm) light. 

IBDG ( lndoxyl-B-D-glucuronlde ) , in contrast to MUG, is a 
chromogenic B-glucuronidase substrate. Upon the enzymatic 
hydrolysis of IBDG, glucuronic acid and indoxyl are formed. 
The Indoxyl moiety is quite unstable and reacts spontaneously 

... 2 3 
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with oxygen In air to form the water insoluble dye, indigo 
blue. £. col 1 bacteria which grow as colonies on a medium 
containing a sufficient concentration of IBDG, retain the 
Indigo dye and appear a3 dark blue colonies on the surface of 
agar or a white membrane filter. 

LI Medium Formulation per Litre 

Casein peptone 20.0 g 

Sodium lauryl sulfate 0.1 g 

Lactose 5.0 g 

Dlpotassium phosphate, K a HPO« 2.75 g 

Monopotass ium phosphate, KH 2 PO« 2.75 g 

Sodium chloride, NaCl 5.0 g 

Indoxyl-B-D-glucuronide (IBDG) 0.8 g 

Agar 15.0 g 

Distilled water 1000.0 ml 

Autoclave for 15 minutes at 121 °C (15 psl) 
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8 . 3 APPENDIX B - 2 

E£I_ Agar : EC-IBDG Agar 

The EC-IBDG formulation Is designated ECI agar. EC 
medium is the reference standard medium for the confirmation 
of fecal conforms (Standard Methods, 16th ed.,1985). In this 
study EC broth was supplemented with agar (15 g/1) and IBDG 
at a concentration (g/l)of 0.8 or 0.3, unless indicated 
differently. ECI agar is formulated for the quantitative 
recovery of Escherichia c o 1 i from water, sewage and 
industrial wastes by using the membrane filtration procedure. 
Distinct blue colonies were recovered from water, sewage and 
industrial wastes at an IBDG concentration of 0.8 g/1. 

ECI Medium Formulation per Litre 

Tryptose 20.0 g 

Lactose 5.0 g 

Bile salts » 3 1.5 g 

Dlpotassium phosphate, K2HP04 4.0 g 

Monopotass ium phosphate, KH2P04 1.5 g 

Sodium chloride, NaCl 5.0 g 

Indoxyl-B-D-glucuronide (IBDG) 0.8 g 

Agar 15.0 g 

Distilled water 1000.0 ml 

Autoclave for 15 minutes at 121 °C (15 ps i ) 
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8. 4 APPENDIX C 



FIGURE C-l 



Scheme for the confirmation of blue and 
colourless colonies recovered from LI or ECI agar 
media as Total Conforms and Fecal Conforms 



Incubation on 
LI or ECI agar media 
(18-22 hr) 



Blue Colourless 
Colony Colony 

I I 

MacConkey Agar 



L 



LtB 

i 



BGBB 



Gas formation 
= Total Coliform 



Blue Colourless 
Colony Colony 

I 
MacConkey Agar 



EC 



Gas formation 
= Fecal Coliform 



LTB ■ Lauryl tryptose broth 

BGBB ■ Brilliant green bile broth 

EC = EC broth 
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8.5 APPENDIX C - 2 



FIGURE C-2. Genus and species identification of blue and 
colourless colonies by API 20E 



Incubation on 
LI or EC I Agar medium 
(18-22 hr) 
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